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OSC–PLSAbstract A new method for spectrophotometric simultaneous determination of copper and mer-
cury was developed by the dispersive liquid–liquid microextraction (DLLME) preconcentration
and orthogonal signal correction–partial least squares (OSC–PLS). In the proposed method, dithiz-
one was used as a chelating agent, and carbon tetrachloride and acetonitrile were selected as extrac-
tion and dispersive solvents. All factors affecting the sensitivity were optimized by the Box–Behnken
design and the linear dynamic range for determination of copper and mercury was found. Under the
optimum conditions, the calibration graphs were linear in the range of 10.0–250.0 and 10–
300 ng mL1 with detection limit of 2.6 and 2.8 ng mL1 (3dB/m) and the enrichment factor of this
method for copper and mercury, reached 180 and 175, respectively. The simultaneous determina-
tion of copper and mercury by using spectrophotometric methods is a difﬁcult problem, due to
the spectral interferences. The PLS modeling was used for the multivariate calibration of the spec-
trophotometric data. The OSC was used for preprocessing of data matrices and the prediction
results of model, with and without using OSC, were statistically compared. The experimental cali-
bration matrix was designed by measuring the absorbance over the range of 400–700 nm for 25
samples. The root mean squares error of prediction for copper and mercury with and without
OSC was 0.010, 0.026 and 0.055, 0.086, respectively. The proposed method was successfully applied
for the simultaneous determination of copper and mercury in spiked water and synthesis samples.
ª 2013 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Nowadays the pollution of different natural waters by heavy
metals is a great concern because of the toxic effects on living
organisms. Urbanization, industrial development, and heavy
trafﬁc lead to contamination of water bodies by heavy metals.
Preconcentration and simultaneous spectrophotometric determination of copper and mercury 707Copper is a widespread anthropogentic pollutant of environ-
ment and the determination of this metal is the actual problem.
However, high amounts of copper can be harmful, causing irri-
tation of nose and throat, nausea, vomiting, and diarrhea.
Mercury is one of the toxic heavy metals and as an introduced
contaminant in the environment. The toxicity of mercury de-
pends on its chemical species and it is found that organomer-
curials are more toxic than inorganic mercury compounds.
Thus the development of new methods for separation, precon-
centration and determination of these metal ions at trace levels
in environmental is one of the targets of analytical chemists,
due to their important roles in our life.
Several procedures have been developed for the separation
and preconcentration of copper and mercury from environ-
mental matrices such as: liquid–liquid extraction (Kara and
Alkan, 2002), co-precipitation (Doner and Ege, 2005 and
Zhang et al., 2004), solid phase extraction (Starvin and
Prasada Rao, 2004; Tobiasz et al., 2012; Walas et al., 2008)
and cloud point extraction (Gao et al., 2010; Niazi et al.,
2009; Shoaee et al., 2012). However, liquid–liquid extraction
(LLE) is time-consuming and requires large amounts of organ-
ic solvents that are potentially toxic. Solid phase extraction
(SPE) uses much less solvent than LLE but can be relatively
expensive. Additionally, evaporation of the ﬁnal organic
extract into a small volume is necessary to achieve high enrich-
ment of the analytes. Batch-to-batch reproducibility continues
to be the major concern for analysts in selecting SPE devices.
Elution of sorbed solute must be performed after sample load-
ing. Solvent evaporation and redissolution are often required
(Nagaraju and Huang, 2007).
A novel microextraction technique as a high performance
and powerful preconcentration method termed as dispersive li-
quid–liquid microextraction (DLLME) was demonstrated by
Rezaee et al. (2006). In this method, an appropriate mixture
of the extraction solvent and the dispersive solvent are injected
into aqueous sample by a syringe and forms a cloudy solution.
The cloudy state results from the formation of ﬁne droplets of
the extraction solvent which disperse in the sample solution.
The cloudy solution shall be centrifuged and the ﬁne droplets
sediment at the bottom of the conical test tube. Determination
of analytes in the remained phase can be performed by instru-
mental techniques. Recently, several papers have been pub-
lished about the dispersive liquid–liquid microextraction in
preconcentration and determination of metals (Bidari et al.,
2007; Fan, 2007; Gharehbaghi et al., 2008; Liang and Sang,
2008; Liang et al., 2009; Naseri et al., 2008; Rivas et al.,
2009; Xiao-Huan et al., 2009).
Spectrophotometric methods are the most commonly used
techniques and continue to enjoy wide popularity. The com-
mon availability of the instrumentation, the simplicity of pro-
cedures, speed, precision, accuracy and low-operating costs of
the technique still make spectrophotometric methods attrac-
tive. In the present work, the DLLME was combined with
UV–Visible spectrophotometry by using micro-sample intro-
duction system for the simultaneous determination of copper
and mercury was proposed. In this method, dithizone, which
forms complexes with copper and mercury, was selected as
chelating reagent. Dithizone contains azo and hydrosulﬁde
groups, which are good electron donors. Dithizone is widely
used in extraction spectrophotometry because it can form sta-
ble complexes with many metal ions under proper conditions.
The factors inﬂuencing the efﬁciency of DLLME anddetermination of copper and mercury were systematically stud-
ied and optimized by the Box–Behnken design (Khajeh, 2009).
Box–Behnken is a second-order multivariate design technique
based on three-level incomplete factorial designs that received
widespread application for evaluation of critical experimental
conditions, that is, maximum or minimum of response func-
tions (Macedo et al., 2009).
The simultaneous determination of several compounds in a
mixture can be a difﬁcult problem, especially for components
that have similar analytical characteristics. The problem is
how to distinguish overlapped signals that are often encoun-
tered in analytical experiments. Quantitative simultaneous
spectrophotometry has been greatly improved by the use of
multivariate statistical methods such as the PLS method.
PLS modeling is a powerful multivariate statistical tool and
can be performed with easily accessible statistical software
(Brereton, 2000; Geladi and Kowalski, 1986). The basic con-
cept of PLS was originally described by Gerlach et al. (1979)
and Joreskog and Wold (1982), and consequently different
applications for PLS modeling were reported (Ni et al., 2008;
Niazi et al., 2005, 2007; Zapata-Urzua et al., 2010). Wold
et al. (1988) introduced OSC as a pre-processing step that im-
proves the calibration model by ﬁltering strong structured (i.e.
systematic) variation in X that is not correlated to Y. There-
fore, one can be certain that important information regarding
the analyte is retained. Since then, several groups (Andersson,
1999; Fearn, 2000; Pierna et al., 2001; Sjoblom et al., 1998;
Westerhuis et al., 2001; Wold et al., 2001) have published var-
ious OSC algorithms in an attempt to reduce model complexity
by removing orthogonal components from the signal. Re-
cently, application of OSC in UV–Visible spectrophotometry
simultaneous determination by PLS is reported (Khajehshariﬁ
et al., 2009; Niazi et al., 2008; Niazi and Goodarzi, 2008; Niazi
and Yazdanipour, 2007).
The aim of this study was to investigate, the possibility of
using DLLME for simultaneous spectrophotometric determi-
nation of copper and mercury, in synthetic and real matrix
samples such as different water samples, for the ﬁrst time.
The results obtained, with and without using OSC algorithm
as a preprocessing treatment of original data, were compared.
To our knowledge this is the ﬁrst spectrophotometric report
with DLLME extraction on the simultaneous determination
of copper and mercury.2. Experimental
2.1. Instrument and software
A Hewlett–Packard 8453 diode array spectrometer controlled
by a Hewlett–Packard computer and equipped with a 100 lL
quartz cell was used for recording the spectra. A centrifuge
(Behdad Universal Centrifuge) was used to accelerate the
phase separation process. The pH was determined with a mod-
el 780 Metrohm pH-meter with combined glass-calomel
electrode.
PLS and OSC programs were written in MATLAB Version
6.5 (Math works Inc.). All programs were run on a personal
computer (CPU 3.0 GHz and RAM 4 GB) with Windows
XP operation system. Box–Behnken design was accomplished
with Minitab Version 15. The OSC version applied here is
based on the Wold algorithm (Wold et al., 1988).
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All reagents were of analytical reagent grade. The water utilized
in all studies was double-distilled and deionized. Stock solution
of Cu2+ and Hg2+ (1000 lg mL1) was prepared by dissolving
appropriate amounts of their commercial nitrate salts in deion-
ized water and standardized titrimetrically (Mendham et al.,
1998). Standards of working solutions were made by appropri-
ate dilution daily as required. The dithizone and all solvents,
such as methanol, ethanol, chloroform, carbon tetrachloride,
acetonitrile and acetone were obtained from Merck. Universal
buffer solutions were prepared from boric acid, citric acid and
phosphoric acid (0.04 mol L1). The ﬁnal pH was adjusted by
the addition of 0.2 mol L1 sodium hydroxide.
2.3. Dispersive liquid–liquid microextraction procedures
A 10 mL of sample of standard solution containing 10.0–250.0
and 10.0–300.0 ng mL1 of copper and mercury, respectively,
and potassium nitrate (5%) was poured in a test tube with a
conical bottom and 1 mL of dithizone (1.6 · 104 mol L1)
as chelating agent was added to the solution. After a few min-
utes the complex of copper and mercury was formed and the
solution pH was adjusted to 3.4 by universal buffer. Then a
binary solution containing 800 lL of acetonitrile (disperser
solvent) and 200 lL of carbon tetrachloride (extraction sol-
vent) was injected rapidly into the sample using a syringe
and a stable cloud solution were obtained. Then, Cu(Dithiz-
one)2 and Hg(Dithizone)2 complexes were extracted into ﬁne
droplets of carbon tetrachloride. After that the mixture was
centrifuged for 5 min at 3000 rpm. After this process the ﬁne
droplets of carbon tetrachloride were joined together and sep-
arated at the bottom of the conical test tube. After removing
the whole aqueous solution, and transferring to a 100 lL cell,
the absorbance was measured at 400–700 nm. The volume of
the separated phase was determined to be about 150 lL.
2.4. Sample preparation before DLLME
Tap, mineral, river and waste water samples were collected
from Kermanshah, Taq-e-Bostan (Mineral water, river and
waste water). Prior to the preconcentration procedure, all the
water samples were ﬁltered through a 0.45 lm pore size
membrane ﬁlter to remove suspended particulate matter, and
adjusted to approximately pH 3.4 by universal buffer and then
were stored at 4 C in the dark.
3. Results and discussion
In order to select the optimum DLLME conditions for the
determination of copper and mercury, a procedure was re-
quired to optimize the different parameters that affect theTable 1 The levels of variables chosen for the trials.
Variable Low level ()
pH 1.0
CLigand (mol L
1) 1.0 · 105
Vdisperser (lL) 700
Vextraction (lL) 100DLLME extraction process. Some of these parameters are
selection of pH, suitable concentration of dithizone, extraction
solvent, disperser solvent, volume of extraction solvent, vol-
ume of disperser solvent, ionic strength of aqueous phase,
and extraction time. It is very important to optimize them in
order to obtain good recovery.
3.1. Experimental design optimization
A two level factorial 24 design with two replicates of center
point was performed in order to determine the inﬂuence of
these factors and their interactions. The factorial design was
evaluated using analytical response (Absorbance in 550 and
490 nm for copper and mercury complexes, respectively). An
analysis of the variance (ANOVA) demonstrated that, within
the experimental range, pH, concentration of dithizone,
volume of extraction solvent and disperser solvent were statis-
tically signiﬁcant. The signiﬁcant variables like pH; concentra-
tion of dithizone, volume of extraction solvent and disperser
solvent were chosen as the critical variables and designated
as pH, CLigand, Vdisperser and Vextraction, respectively. The low,
middle and high levels of each variable were designated as
, 0 and +, respectively, are given in Table 1.
In a system involving four signiﬁcant independent vari-
ables, the mathematical relationship of the response (Absor-
bance in 550 and 490 nm for copper and mercury complexes,
respectively) of these variables can be approximated by the
quadratic polynomial equation:
Y¼b0þb1pHþb2CLigandþb3Vdisperserþb4Vextraction
þb12pHCLigandþb13pHVdisperserþb14pHVextraction
þb23CLigandCdisperserþb24CLigandVextractionþb34Vdisperser
Vextractionþb11pH2þb22C2Ligandþb33V2disperserþb44V2extraction
ð1Þ
A multiple regression analysis is done to obtain the coefﬁcients
and the equation can be used to predict the response. The de-
sign of experiments chosen for this study was Box–Behnken, a
fractional factorial design for four independent variables. It is
applicable for the critical variables that have been identiﬁed. In
the model given in Eq. (1), interactions higher than second or-
der have been neglected. A total of 27 experiments for each
cation were necessary to estimate the full model. The results
from this experimental design provided a statistical process,
which was used to identify high yield trends for the DLLME
process. Analysis of variance was applied to the statistical
signiﬁcance of the models. According to the results shown in
Table 2, the four factors pH, CLigand, Vdisperser and Vextraction
are signiﬁcant and also two parameters pH · CLigand and
pH2 signiﬁcantly inﬂuenced on the DLLME method. The
critical points in the surface response are found by solving
the derivation obtained from Eq. (1) for the condition ofMiddle level (0) High level (+)
2.5 4.0
1.5 · 105 2.0 · 105
800 900
200 300
Table 2 Coefﬁcients and p-values of Box–Behnken design for
copper and mercury determination after DLLME.
Variables Coeﬃcient p-Value
Copper Mercury Copper Mercury
b0 3.5209 3.8824 0.012 0.014
b1 0.5723 0.5926 0.016 0.012
b2 5.5203 5.3991 0.029 0.023
b3 0.0023 0.0011 0.037 0.032
b4 0.0038 0.0014 0.015 0.030
b12 0.2136 0.2526 0.018 0.027
b13 0.0004 0.0008 0.073 0.062
b14 0.0003 0.0005 0.083 0.089
b23 0.0036 0.0060 0.145 0.106
b24 0.0004 0.0003 0.066 0.053
b34 0.0002 0.0000 0.186 0.165
b11 0.0712 0.0634 0.046 0.042
b22 0.0975 0.1446 0.107 0.098
b33 0.0000 0.0000 0.058 0.062
b44 0.0000 0.0000 0.142 0.133
Table 3 Tolerance limits of co-existing ions in DLLME of
copper and mercury.
Co-existing
ions
Tolerance limits
(ng mL1)
Ca2+, Mg2+, Ba2+, Sr2+, As3+, Mn2+,
Li+, Rb+, K+, Na+, NH4
+, Cr3+
1000
CO23 , NO

3 , Br
, S2O
2
3 , SO
2
3 , I
, CH3COO
,
Cl, SCN, BrO3 , C2O
2
4 , PO
3
4
1000
Cs+, Cd2+ 500
Zr4+, Ga2+, Pd2+ 400
Al3+ 150
Ni2+, Co2+, In3+ 120
Tl+ 100
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and d(A)/d(Vextraction) = 0 for each models. The calculated
values for the critical point for copper and mercury are:
pH = 3.4, CLigand = 1.6 · 105 mol L1, Vdisperser = 800 lL
and Vextracion = 200 lL.
Selecting the extraction solvent by paying attention to its
characteristic properties is very important. It must have a high-
er density than water, be capable of extracting the compounds
of interest, and have low solubility in water. Chloroform, car-
bon dichloride and carbon tetrachloride were compared in this
extraction and obtained recoveries were higher for carbon tet-
rachloride. The main criterion for the selection of the disperser
solvent is its miscibility in the extraction solvent and aqueous
solution. In addition, the type of disperser directly inﬂuences
the viscosity of the binary solvent. Thus, this solvent can con-
trol droplet production and extraction efﬁciency. To study this
effect, four different solvents such as acetone, acetonitrile, eth-
anol and methanol were tested and obtained recoveries were
higher for acetonitrile.
In DLLME, extraction time is deﬁned as the time between
the injection of the binary solvent and starting to centrifuge.
The effect of extraction time was examined in the range of
1–10 min with constant experimental conditions. The surface
area between extraction solvent and aqueous phase is inﬁnitely
large. Thereby, transferring the complex from aqueous phase
to extraction solvent is fast. Subsequently, equilibrium state
is achieved quickly; therefore, the extraction time is very short,
which is the advantage of DLLME technique. In this method,
the most time-consuming step is the centrifuging of sample
solution, which is about 1 min. A series of same solutions were
tested at various rates of centrifugation. The rate of centrifuga-
tion was adjusted between 1000 and 6000 rpm for 5 min. The
absorbance slowly increases with increasing the rate to
3000 rpm and after that, it approximately stays constant.
3000 rpm was selected as the optimum rate for centrifuging.
For studying the inﬂuence of ionic strength on the
performance of DLLME, we investigated KNO3 concentra-
tion in the range of 0–10% (w/v) while other experimental
conditions were kept constant. By increasing KNO3
concentration, extraction efﬁciency is slowly increased due
to salting-out effect and then approximately stays constant.These studies showed the possibility of DLLME for separa-
tion of copper and mercury from saline solution to 10%
(w/v). As the three parameters, extraction time, rate of centri-
fugation and ionic strength had approximately constant
inﬂuence at studied ranges; they were not investigated by
experimental design.
3.2. Interferences study
The potential interference in the present method was investi-
gated. The interference was due to the competition of other
heavy metal ions for the chelating agent and their subsequent
co-extraction with copper and mercury. In these experiments,
solutions containing 10 ng mL1 of copper and mercury, and
the interfering ions were treated according to the recom-
mended procedure. The tolerance limits of the co-existing ions,
deﬁned as the largest amount making the recovery of copper
and mercury less than 95%, are given in Table 3.
3.3. Analytical performance
Table 4 summarizes the analytical characteristics of the opti-
mized method, including optimization conditions, linear range,
limit of detection, reproducibility and enhancement factor.
The calibration graph was linear in the range of 10.0–250.0
and 10–300 ng mL1 of copper and mercury, respectively.
The limit of detection, deﬁned as CDL = 3 SB/m (where CDL,
SB and m are the limit of detection, standard deviation of
the blank and slope of the calibration graph, respectively),
was as 2.6 and 2.8 ng mL1 for copper and mercury, respec-
tively. The relative standard deviation (R.S.D.) for ﬁve repli-
cate measurements of 50 ng mL1 of each Cu2+ and Hg2+
were 1.6% and 1.9%. The enhancement factors were obtained
from the slope ratio of the calibration graph after and before
extraction, which were about 180 and 175 for copper and mer-
cury, respectively. The equations of calibration graphs after
and before extraction are summarized in Table 4.
3.4. Multivariate calibration
Fig. 1 shows the absorption spectra after DLLME of dithizone
and the individual copper and mercury complexes at optimum
conditions.
As Fig. 1 shows, there is a clear overlapping of the two
complexes’ spectra. This prevents the simultaneous determina-
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Figure 1 Absorption spectra of (a) dithizone, (b) 190 ng mL1 of
copper and (c) 210 ng mL1 of mercury under optimum
conditions.
Table 4 Analytical characteristics of DLLME for determination of copper and mercury.
Parameter Analytical feature
Copper Mercury
Calibration curve before extraction A= 3.501CCu + 0.0605 (R
2 = 0.9920) A= 3.551CHg + 0.0536 (R
2 = 0.9912)
Calibration curve after extraction A= 0.0195CCu + 0.1409 (R
2 = 0.9956) A= 0.0201CHg + 0.1264 (R
2 = 0.9945)
Linear range (ng mL1) 10.0–250.0 10.0–300.0
Limit of detection (ng mL1) 2.6 2.8
Repeatability (R.S.D.,%) (n= 10) 1.6 1.9
Enhancement factor (mL) 180 175
710 A. Niazi et al.tion of the copper and mercury by direct UV–Visible absor-
bance measurements. To overcome this problem a suitable
and simple technique, which presents a good recovery, is
PLS regression. A mixture design was used to maximize statis-
tically the information content in the spectra. A training set of
25 samples was taken. The concentrations of copper and mer-Table 5 Concentration data of the different mixtures used in
the calibration and prediction sets for the determination of
copper and mercury (ng mL1).
Mixturea Copper Mercury Mixture Copper Mercury
C1 10.0 10.0 C16 190.0 10.0
C2 10.0 80.0 C17 190.0 80.0
C3 10.0 150.0 C18 190.0 150.0
C4 10.0 220.0 C19 190.0 220.0
C5 10.0 300.0 C20 190.0 300.0
C6 70.0 10.0 C21 250.0 10.0
C7 70.0 80.0 C22 250.0 80.0
C8 70.0 150.0 C23 250.0 150.0
C9 70.0 220.0 C24 250.0 220.0
C10 70.0 300.0 C25 250.0 300.0
C11 130.0 10.0 P1 240.0 30.0
C12 130.0 80.0 P2 40.0 110.0
C13 130.0 150.0 P3 50.0 50.0
C14 130.0 220.0 P4 95.0 90.0
C15 130.0 300.0 P5 110.0 50.0
a C: calibration, P: prediction.cury varied between 10.0–250.0 and 10.0–300.0 ng mL1,
respectively.
In Table 5 the compositions of the binary mixtures used in
the calibration matrices are summarized. For prediction set,
ﬁve prepared mixtures that were not included in the previous
set were employed as independent test (see Table 5). To ensure
that the prediction and real samples are in the subspace of
training set, the score plot of ﬁrst principal component vs. sec-
ond was sketched and all the samples are spanned with the
training set scores. The spectral region between 400 and
700 nm, which implies working with 300 experimental points
per spectra, was selected for analysis, because this is the zone
with the maximum spectral information from the mixture com-
ponents of interest. All absorption data are pretreated by
mean-centering.
3.5. Preprocessing by orthogonal signal correction
Orthogonal signal correction (OSC) is a preprocessing tech-
nique used for removing the information unrelated to the tar-
get variables based on constrained principal component
analysis. OSC is a suitable preprocessing method for PLS cal-
ibration of mixtures without loss of prediction capacity using
the spectrophotometric method. For calibration set two OSC
components were used for ﬁltering. Evaluation of the predic-
tion errors for the validation set reveals that the OSC treated
data give substantially lower root mean squares error of pre-
diction values than original data. Also, the OSC-ﬁltered data
give much simpler calibration models with fewer components
than the ones based on original data (Table 6).
The results imply that the OSC method indeed removes
information from UV–Visible data that is not necessary for ﬁt-
ting the Y-variables. In some cases the OSC method also re-
moves non-linear relationships between X and Y. Fig. 2
shows the score plot when the PLS and OSC–PLS models
are used. The score plots are shown for comparison of the re-
sults obtained from PLS and OSC–PLS. The results show that,
score plots have better results when OSC–PLS is used. Score
plots reveal the geometrical placement of solutions in principal
component space. The experimental noise can destroy this
relation (Fig. 2a) but by removing the noise using OSC ﬁltering
(Fig. 2b), the suitable geometrical placement is depicted in a
more clear way.
3.6. Selection of the optimum number of factors
The number of latent variables (factors) for each cation was
determined by the cross-validation method. The prediction er-
ror sum of squares (PRESS) for cross-validated models was
calculated. The cross-validation method employed was to
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Figure 2 Plots of ﬁrst principal component against second principal component for simultaneous determination of copper and mercury
(a) by PLS and (b) by OSC–PLS model.
Table 6 Composition of synthetic mixtures and predicted values for simultaneous determination of copper and mercury (ng mL1).
Added Found (PLS) Error (%) Found (OSC–PLS) Error (%)
Copper Mercury Copper Mercury Copper Mercury Copper Mercury Copper Mercury
240.0 30.0 229.1 33.4 4.5 11.3 238.6 30.4 0.6 1.3
40.0 110.0 36.5 119.8 8.7 8.9 39.6 113.6 1.0 3.3
50.0 50.0 44.3 55.4 11.4 10.8 49.2 50.7 1.6 1.4
95.0 90.0 98.7 96.4 3.9 7.1 97.4 91.3 2.5 1.4
110.0 50.0 101.6 54.1 7.6 8.2 109.3 51.7 0.6 3.4
NFa 5 6 2 2
RMSEPb 0.055 0.086 0.010 0.026
RMSECc 0.032 0.064 0.008 0.018
RSEP (%)d 5.467 8.633 1.043 2.640
c (ng1 mL1)e 153 162 89 96
LOD (ng mL1)e 4.6 5.6 1.8 2.1
a Number of factors.
b Root mean squares error of prediction.
c Root mean squares error of calibration.
d Relative standard error of prediction.
e c (analytical sensitivity) = SEN/[V(R)]1/2 where SEN is the sensitivity (estimated as the net analyte signal) and V(R) is the variance of the
instrumental signal and LOD (limit of detection) = 3.3s(0) where s(0) is the S.D. in the predicted concentration of copper and mercury in a
blank sample (Lorber et al., 1997).
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the remaining standard spectra. By using this calibration the
concentration of the sample that is left out, was predicted. This
process was repeated until each standard had been left out
once. One reasonable choice for the optimum number of fac-
tors would be that number which yielded the minimum
PRESS. Since there are a ﬁnite number of samples in the train-
ing set, in many cases the minimum PRESS value causes
overﬁtting for unknown samples that were not included in
the model. A solution to this problem has been suggested by
Haaland and Thomas (1988) and Haaland and Thomas
(1990) in which the PRESS values for all previous factors are
compared to the PRESS value at the minimum. The F-statisti-
cal test can be used to determine the signiﬁcance of PRESS
values greater than the minimum. The maximum number of
factors used to calculate the optimum PRESS was selected as
13 and the optimum number of factors obtained by the appli-
cation of PLS and OSC–PLS models is summarized in Table 5.In all instances, the number of factors for the ﬁrst PRESS val-
ues whose F-ratio probability drops below 0.75 was selected as
the optimum. In Fig. 3, the PRESS obtained by optimizing the
calibration matrix of the absorbance data with PLS and OSC–
PLS models is shown.
3.7. Simultaneous determination of copper and mercury in
synthetic and real matrix samples
The predictive ability of method was determined using ﬁve bin-
ary mixtures (their compositions are given in Table 6). The re-
sults obtained by applying PLS and OSC–PLS algorithm to
ﬁve synthetic samples are listed in Table 6.
Table 6 also shows the error for prediction series of copper
and mercury mixtures. As can be seen, the errors were also
quite acceptable for the OSC–PLS method. In chemometrics,
the root mean squares error of prediction (RMSEP), calibra-
tion (RMSEC) and relative standard error of prediction
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Figure 3 Plots of PRESS vs. number of factors by PLS and OSC–PLS, (a) copper and (b) mercury.
Table 7 Simultaneous determination of copper and mercury using the OSC–PLS method in synthesis and water samples.
Samplea Spiked (ng mL1) Foundb (ng mL1) Recovery (%)
Copper Mercury Copper Mercury Copper Mercury
Tap 0 0 N.D.c N.D. – –
100.0 50.0 105.6 ± 0.5 51.3 ± 0.2 105.6 102.6
Mineral 0 0 23.8 ± 0.7 N.D. – –
50.0 100.0 74.2 ± 0.5 101.7 ± 0.4 100.8 101.7
River 0 0 88.2 ± 0.7 13.7 ± 0.2 – –
50.0 20.0 137.4 ± 0.6 33.5 ± 0.4 98.4 99.0
Waste 0 0 102.3 ± 0.8 42.3 ± 0.3 – –
100.0 100.0 206.8 ± 0.9 146.3 ± 0.6 104.5 104.0
Sample 1d 100.0 50.0 93.3 ± 0.6 46.8 ± 0.7 93.3 93.6
Sample 2e 50.0 75.0 47.9 ± 0.7 73.8 ± 0.8 95.8 98.4
a Appropriate dilution before analysis was performed and the source of samples is described in the text.
b Mean value of three replicate determination ± standard deviation (n= 3).
c Not detected.
d Co2+ (30), Zn2+ (30), Ni2+ (30), and Al3+ (20).
e Co2+ (50), Zn2+ (30), Fe2+ (50), and Fe2+ (30).
712 A. Niazi et al.(RSEP) generally express the accuracy of the model (Valderra-
ma and Poppi, 2008). The values of RMSEP, RMSEC and
RSEP (%) for copper and mercury are summarized in Table 6.The proposed DLLME method was validated by extraction
and simultaneous determination of copper and mercury from
spiked tap, mineral, river and waste water and the results are
Preconcentration and simultaneous spectrophotometric determination of copper and mercury 713summarized in Table 7. To this end, aliquots of solutions of
the copper and mercury were supplied with variable amounts,
between 10.0–250.0 and 10.0–300.0 ng mL1 for copper and
mercury, respectively, and their absorbances were recorded.
Also, two synthesis samples and their compositions listed in
Table 7 are used for validation of the proposed method. As can
be seen from Table 7, the results obtained by the OSC–PLS
method in the simultaneous determination of copper and mer-
cury in water samples were quite good. In fact, the recoveries
ranged from 93.3% to 105.6% for copper and 93.6% to
104.0% for mercury. Therefore, the OSC–PLS model is able
to predict the concentration of each cation in the real matrix
samples.
4. Conclusion
A new method of DLLME combined with spectrophotometry
has been proposed for the simultaneous determination of cop-
per and mercury in water samples. The proposed DLLME
method has numerous advantages such as; rapidness, simplic-
ity, low-cost, ease of operation, low toxic, high efﬁciency and
low organic solvent-consumption. The copper and mercury re-
acted sensitivity with dithizone to form the colored complexes
in the non-aqueous media. Their absorption spectra of these
complexes completely overlap with the spectrum of dithizone
and with each other. In order to overcome the drawback,
PLS and OSC–PLS multivariate calibration approaches were
applied and compared. Analysis of the results for binary
mixtures showed that the use of PLS leads to signiﬁcantly
less-accurate prediction. The predicted values obtained by
application of the OSC–PLS model for absorbance data show
the high prediction ability of the OSC–PLS method. The pro-
posed method provides a good reproducibility and gives a pre-
cise, highly sensitive and selective procedure with good LODs.
The enrichment factors for 10 mL sample solution for copper
and mercury were obtained 180 and 175, respectively. Also,
the application of a Box–Behnken matrix was a possible, ra-
pid, economical and efﬁcient way of an optimization strategy
of the proposed procedure. The method was successfully ap-
plied to simultaneous determination of copper and mercury
in environmental water samples; satisﬁed recovery and
reproducibilities of the proposed method were also obtained.
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